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Introduction 

Coal-tar pitch is  the residue, boiling a t  tunperatures above 3 j G O  C ,  frm 
the fract ional  d i s t i l l a t i o n  of coal tar. 
tar yield f ~ m  iign:tem?erature carbonization i n  coke ovens, i ts  chemical coxposition 
is  not nearljr as well 'norm as  tha t  of of the m a i l e r ,  more-voiatile fractions.  
Csal-tar ? i tch has nuzerous lazge-scale uses, some of which c a l l  for noaification or' 
the na te r ia l  by p:hysical o r  chemical techniques. ;Towever, much or' t h i s  mcdification 
i s  empirical t3  the extent that -&e results are  meamed in terms of efficacy f o r  a 
specific er-d-use rather  than i.n terns 3f chmge i n  cheinical s t r u c t u e .  
investigations .sf the chemistry of t h i s  ra+Aer intractable material  are desirable 
tsxard' de2reloping new uses and placizg pitch-treating sroced?rres on a more scie2t?tific 
basis. '![it1 the develocment of proton magnetic resonance ( PXX) techniques, a p r m i s - k q  
method of examining *he types of hydrogen in pitches 5ecams available. Attention s a s  
therefors  turned t o  the resu l t s  vbich might be obtained bg PhZ exaaination of ,itches. 

Chezicallg s p e a k i x ,  pitch cannct be considered a s  a s i rg le  t'jpe, but ra ther  

.il'&ough it consti tutes about 50% of the 

Additional 

there are la rge  differences betTeen pitches, dependins upon t h e i r  source. 
pitches, Thich are of primary concern in <lis gaper, are produced f r m  high-rank 
(cokirg) c o d s  a t  very high temperatures (lCCOo to  13COo C )  . >e severe cmdit i3cs  
cont ro l  the p r c d x t  ss List coke-ova pitches consti tute a nzrrov c lass  Samg coal- 
tar ?itches, as ir-dicated by T J o l k ~ n n . ~  'D-ejr are <i.e most aromatic zr" the pitckes, 
Lqd a precise nomatici ty  cetemination is necesszrJ to distiquisi .1 one Zron another. 

Coke-oven 

Tine z r m a t i c i t y  3f a ?i tch can be defined by two parmeters.  One is  the 
rasio of the aromatic s t r x t u r e s  t o  the whole ?itch.  Tile other is t he  degree of con- 
densation of tb.e aronatlc porticn. 
ool>?.?enylene- t o  the graai te- type.  
&ious types of data, bc1ud-G density, atomic C / k  ra t io ,  and the r a t i o  of arorat ic  
hydrogen ( S a r )  to  t o t a l  hydrogen ( H ) .  
highly aroEatic riiaterials i%e coke-oven ?itchss,  since the proportion of nsn-aromatic 
hydmgen atoms is  greater Eian +&at of =or-aromatic carbon atans. 
phenan'aene w i t h  6.75 non-aromatic carbon atoms has 2% non-amnatic hydmgen a t m s .  

This degree of condensation could ranggo fmm t'ne 
Aromaticity factors  can be calculated fron 

The l a t t e r  i s  the most sensi t ive method for 

For exm?la, me'hyl- 

Considerable work has been reported toward establishing an infrared X a r h  
m e a s ~ r a e n t , ~ , ~ , ~ ~ ~ , ~  but nore detailed and re l iab le  data are reported from R,R 
m e a s u ~ e m e n t s . ~ , ~ , ~ , ~ , ~  Three types of hjdrogen r e r e  estimated i n  pitch-like na te r ia l s  
by mR methods: 
rings, o r  alpha hydrcgen (a) j and hydrogen on other s a t k a t e d  hydrocarton structures,  
o r  beta hydrogen (ED). 
calculate  s t ructural  parameters for pitch-like materials through the  use of such PL!R 
data. 

aromatic hydrogen ( H a r )  ; hydrogen on saturated carbon alpha t o  m n a t i c  

Both Brom and Ladner;? and 0th and TschamlerS were able t o  
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For s t ruc tura l  analysis, B m  and Ladner ' s  method appeared especially 
su i tab le  for adaptation t o  coke-oven pitch. 
portion of t h e i r  pitch-like materials were derived by subtracting the non-aromatic 
at- hTln t he  whole. 
H/C r a t i o  in the  substant ia l  f ract ion of non-aromatic structures.  
parmeters  of the i r  d i s t i l l a t e s  proved to  be functions of the ranks of the  parent 
coals. 
proportion of non-aromatic structures.  

Details of the s t ructure  of the ammatic 

This introduced an uncertainty by requiring an estimate of the 
Nevertheless, the 

Coke-oven pitches in t h i s  andlysis should enjoy the advantage of a very low 

Rao, hlurty, and Lah i r i '  reported the  use of the PMR spectrum in the char=- 
t e r iza t ion  of the 65 weight per cent carbon disulfide-soluble f ract ion of a pitch 
tha t  was evidently of coke-oven origin.. only 2s of the hydmgen was non-aromatic, 
and 70% of t h e  non-aromatic hydmgen was of the  alpha type. They concluded that  the 
nan-aromatic hydrogen was mostly present as methylene-, methyl-, and smal l  alkyl- 
subst i tuents  on aromatic ring systems. 

determination of cer ta in  aspects of the chemical s t ructure  of coke-oven pitches. 
This paper describes the  'application of PMR spectrometric methods t o  the 

Experimental: 

A ser ies  of coke-oven pitches representing a wide range of electrode-binder 
pmpert ies  w i t h  a narrow range of softening points and, f o r  comparison purposes, a 
lorn-temperature-carbonization pi tch from a subbituminous B coal were selected. The 
analyt ical  data  for these pitches, together w i t h  the sources and methods of preparation, 
a re  summarized in Table I. 

A.C.S. reagent-grade carbon disulf ide was used t o  prepare the pitch extracts 

The reference 
for the  PMR determinations. The in te rna l  PMR standard was Anderson Chemical Division 
of Stauffer  Chemical Cornpang's rrpUre'r grade of tetramethylsilane ('ES). 
compounds were fluorene, m. p. ll4-116O C (lit., U5-1l6O C )  , and acenaphthene, rn. p. 

Carban Disulfide-Soluble Fractions of Pitches 

93-940 c ( l i t . ,  95O c).  

The carbon disulfide-soluble PMR spectra samples were prepared in the fol-  
1- manner: Samples of the  pitch weighing 5.00 g. and sized t o  pass a 20-mesh 
sieve were added t o  50 m l .  of carbon disulf ide in a 250-ml. beaker with stirring. 
bea!cer was covered with a w a t c h  glass,  and the  magnetic stirring was maintained f o r  
30 minutes. 
funnel and washing w i t h  25 m l .  of carbon disulf ide,  the so l ids  were air-dried and 
weighed. The f i l t r a t e  and washings were concentrated on the steam bath (in a hood) t o  
give a 60% weight/volume (w/v) solution. 
=de up as needed were placed in Varian A-60 Spectrometer sample tubes, ana a trace of 
TIS w a s  dissolved in each sample. 

Determination of PMR Suectra 

The 

After col lect ing t h e  insolubles on a 6O-ml., medium-porosity f r i t ted-glass  

Samples of this solution and of dilutions 

The PMR spectra were recorded on a 10 in. by x )  in. record sheet using a 
The samples were spun rapidly at mom temperature, and the Varian A-60 Spectrometer. 

spectra  were traversed slowly (sweep time 500 sec.)  from 550  t o  50 cycles per second 
(c.P.s.) below the TIE l i n e  ( the  increasing-frequency convention w a s  observed). 
Radio-frequency (RF) power se t t ings  were intermediate-between 0.04 and 0.M miuigauss 
(&.)-and f i l t e r  bandwidth w a s  usually se t  at 1 C.P.S. 

Determination of the Xntegrds of the PhR Spectra 

After  plott ing a s p e c t m ,  the in tegra l  of the curve was recorded elec- 
t m d c a l l y  in a 10 in. by 20 in. area of chart ,  using t ie  same sample and conditions, 
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with the exceptions and precautions noted below (see Figure 1). 
t o  insure both s t a b i l i t y  of the integral  and non-saturation of any of the sample 
protons. 
of about 0.4 mC., while the sweep time was s e t  dona t o  50 o r  100 seconds. 
of a particular proton would resu l t  in an area under its absorption band less than 
?roportional t o  the number of protons represented. 
s table  integrals. 
f o r  b t e g r a l s  was important. 
and f inal ly ,  it was sometimes advantageous t o  increase the RF power. 

Care was necessary 

To avoid saturating sample protons, the RF energy was kept below a set t ing 
Saturation 

Three factors  were used to  obtain 
The use of only the most concentrated, the 30 and 60% w/v, solutions 

Also, the sweep time was reduced t o  50 o r  100 seconds, 

Estimation of Hydrogen Types from PLR Integrals 

Quantitative estimation of the hydrogen types involved measurement of the 
integral  heights a t  the following frequencies ( tau  values; see Figure 1): 
hydrogen together w i t h  phenolic hydrogen (Hph), approximately 4.5 tau; for  alpha2 
hydrogen (e; t h i s  is hydrogen on any carbon atom which joins two aromatic rings),  
6.60 tau; fo r  alpha hydrogen, approximately 8.1 tau; and f o r  beta hydrogen, the end 
of the spectrum (about 9.2 tau).  These boundary tau values were equivalent t o  the 
following frequencies in C.P.S. below T M :  about 4.5 tau, n e e  315 c.P.s.; 6.60 tau, 
190 C.P.S. fo r  30% and 180 C.P.S. for 606, w/v solutions; and 8.1 tau, 110 C.P.S. for  
both 30 and 60% solutions. The considerations which led t o  the choice of these fre- 
quencies w i l l  be discussed i n  the following section. 

for  aromatic 

PEn Frequencies (Tau Values) 

The use of dissolved TMS eliminated volume suscept ibi l i ty  correctionslO and 
interference by the standard in regions where the pitch components absorbed. 
not, however, prevent anomalous aromatic medium effect& from interfering. 
of different  concentrations of pitch fract ions in carbon disulf ide showed frequency 
differencgs as great as  0.40 p.p.m. ( tau units). 
t ion t o  i n f i n i t e  di lut ion with the internal  standard was necessary. This procedure 
w i t h  CS2 extracts  of pitches 1 and 2 gave smcoth curves and i n f i n i t e  di lut ion frequencies 
f o r  various absorption components of the spectra (see Figure 2 ) .  

I t  did 
The spectra 

To eliminate these effects ,  extrapola- 

The use of carbon disulfide provided a pitch solvent with Van der Waals de- 
shielding effect  about the same as  that  of carbon tetrachloride,12 the tau solvent. 
Therefore, the i n f i n i t e  di lut ion frequencies should be very nearly t rue tau  values,13 
in which form they are herewith reported. 
tau thus obtained for the methylene l i n e  of acenaphthene in pitch (lit., 6.66 tau).  

This was confirmed by the value of 6.68 

The choice of the frequencies l i s t e d  in the preceding section t o  divide 
There was a between the four t m e s  of hydrogen was made i n  the following manner: 

broad region of zero signal between aromatic and non-aromatic bands, centering i n  the 
4.5 tau region, 
ring, is m r e  deshielded than alpha hydrogen. 
occurs at lower tau values (frequencies). 
acenaphthene methylene peak a t  6.66 tau because this is an intermediate type between 
alpha and alpha2, although it i s  formally alpha hydrogen. 
absorption below 6.60 tau was at t r ibuted t o  alpha2 hydrogen. 
t o  changes i n  pitch concentration necessitated the use of the t w o  frequencies. For 
the boundary between alpha and beta hydrogen, the spectrum of pitch 7, which shoved 
separate absorption maxima f o r  beta and for  alpha hydrogen types, was considered (see 
Figure 3 ) .  The minimum between these maxima occurred at about 8.2 tau. To avoid 
overestimating alpha hydrogen, a value near 8.1 tau was chosen. 
such a s  durene methyl groups (7.86 tau) and excludes such types as Me3Cu (8.44 tau) 
and cyclohexane (8.56 tau).  

The alpha2 hydrogen, since it is  close t o  two rather  than one aromatic 

The boundary was chosen jus t  below the 
Thus, the alpha2 hydrogen absorption 

Conservatively, then, 
B e  anomalous s h i f t s  due 

This includes types 

I' 
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Uolecular Weight Determinatian 

b l e c u l a r  xeight m e m e m a t s  were ebullioscopic 'Rith incremental addition 
Sol-rents r e re  benzene and freshly of sample and extrapolation t o  infinite dilution. 

mepared chloroform, depending upon the so lubi l i ty  of. the sample. 
foaming or incomplete so lubi l i ty  prevented determiqazion of molecular weQht in 
cer ta in  cases (see Table 11) . 

Interference S y  

s t ruc tura l  Parameters 

From ET& and elementary analyt ical  data, Bmwn and Ladnes vere able t o  
calculate the following average s t ruc tura l  character is t ics  of  - their  pitch-like 
materials: 

fa, the r a t i o  of aromatic carbon ( C a r )  t o  t o t a l  carbon ( C ) ,  

a, the f ract ion of t he  t o t a l  available outer-edge posit ions of the 

H a r u / C a r ,  the atomic H/C r a t i o  that the average ammatic skeleton 

aromatic skeleton which is occupied by subs t i twnts ,  and 

muld have if each substituent mere replaced by a hydrogen 
atam. 

Brown and Ladner developed the following equations for calculating these 
parameters : 

c Ha* sa* ----- 
H x  Y 

C 
H 

fa  = - 

( 3 )  

. t f  x y 
a 

where Cfd and O h  are  the  atomic rat ios ,  obtained from elementarj andlysis; &* = m, 
the  r a t i o  of alpha-type hydrogen t o  t o t a l  hydr0gn-n obtained from ?hlR s p e c t m e t r i c  
amitysis; I%* 
a n a s i s ;  x = &tt and y = H d C e ,  the atomic ra t ios  of hydmgea t o  carbon in *,e 
alpha and beta structures,  b o t h  of which must be obtained by estimate; Ear* = Harp, 
the  r a t i o  of ammatic hydrogen t o  t o t a l  hydrogen obtained indirect ly  from PhR spec- 
trometry with the  help of elementary analysis, assuming 60% of &&e t o t a l  oxygen t o  be 
phenolic. 
(Ha2 + ph) seen in F%R spectra, Har* was ca lcda ted  by the  following equation: 

ti /ti, the r a t i o  of beta-type hydrogen 70 t o t a l  hjrdrcgen fmm 2 , ~  

Since phenolic hydrogen ( H p h )  is  included in the "aromatictt hydrogen 
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They a s w e d  that every oxjzen atom was present as a substi tuent on an arcmatic nucleus 
in CaLpleting t h e  development of the above equations. 

Their method f o r  the conversion of the hydrogen d is t r ibu t ion  in coal-like 
materials to  carton st ructure  was adapted for use with coke-oven pitches. 
were made in the assumptions and equations as described below. It is  accepted that  
6cs of the t o t a l  olr~gen is  phenolic, but Brown and Ladner's assunption +&at a l l ' o f  the 
oxygen occurred as substi tuents on a rma t i c  nuclei  could not be j u s t i f i e d  for coke- 
&en gitcnes. 
substi tuents but i n  other forms, amang which heterocyclic oxygen must be included. 
Alpha2 hydmgen i s  included in the equat ims separately as  w, with z = 2 the estimated 
r a t i o  of hydrogen t o  carSon in such groups, and F&* = **/ti. 
-1 substituent in b-own coke-oven pitch components is the methyl gmup, th.e value 
of x (estinated H/C ratio f o r  alpha s t ructures)  is raised from the  value of 2 t o  2.5. 
The value of y = 2 i s  retained. 

Changes 

Instead, the remaining 40% oxygen is  assurred t o  occur not as aromatic 

Because the predombant 

Considering equation (l), a term f o r  alpha2-type carbon is added t o  its 
nunerator, the number of aromatic carbon atoms, giviog C - @ 
equation f o r  coke-oven pitches is the following: 

Q - Cg. The resulting 

H 

Considering equation (2),  it i s  necessary t o  add a term f o r  the contribution 
of alpha2 strvctures t o  the t o t a l  nunber of substi tuents.  
two substituents, t h i s  added term must equal 2 x e', which is  2 @/z. 
(2) for  detelmining the degree of si i3sti tution of coke-oven pitches, the following 
equation i s  used:. 

Since each bridge represents 
To replace 

I 

p 
\ 

* %* 0 Ha* + - +  0.6-  
2.5 H 

-_ Y 
u =  

%r- 
2 .5  

w* + - + ( s a  + ph)* 

Similarly, equation ( 3 )  is  replaced by the  f o l l o h n g  ea-uation for  the atomic 
C / k  r a t i o  of the hypothetical unsubstituted average aromatic nucleus of coke-oven 
pitches : 

I 

This degree-of-condensatian parameter is also the r a t i o  of t o t a l  aromatic carbon t o  
aromatic edge-carbon. 

Equations 4 ,  5, and 6 were used t o  calculate parameters f o r  the carbon 
disulf ide solubles of eight pitches and f o r  the  carbon disulfide-soluble, n-hexane- 

The parameters of low- 
teqera tue-car joniza t ion  pi tch 7 were calculated by means of ecpations 1, 2, and 3 .  
Data a d  resu l t s  a re  l i s t e d  in Table 11. 

--oluble ( res in)  f ract ion of one of the coke-oven pitches. 
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Results and Discussion 

?MI Suectra of Coke-Oven Pitches 

%e carbon disulfide-soluble f ract ions of coke-web pitches, using the 
V a r i a n  A-60 Spectrmeter,  shcred hydrogen dist r ibut ions 1i.n keeping eth the reputed 
high arcmaticity o f  thess pitches. 
Kie i igner  inolecular seight  rosin f ract ion si' ?i tch 2 had an evmen a ! e r  (955) -tic 
i;ydroge-n cmtent .  
l c - K - t ~ ? e r a t . J r e - c ~ o o ~ z ~ t i o n  Pi tch carbon disulfide-soluble fraction. 

Frcn 80 t o  90% o f  t he i r  hyckagen was aromatic. 

W s  is  in sha=rp contrast  vith the 20% of amnatic hydrcgul in the 

There nere o n l y  b o  absorption mxba i n  the coke-oven p i t c h  spectra: the 
30th b d i c a t e  t)Tes closely associated with arozatic- and the alpa-hyd-0gei-i bands.  

armattic r-rs. 
hydrogen nct associated wit;? yljr aromatic r i q  (beta  hydrogen). 
carcmizat ion pitch 7 dlso f e l l  in the l a t s e r  category (see rimgre 3 ) ,  e w o i t i n g  tvro 
naxiza in the beta h'jdrogen reglcn. The t o t a l  alpha and alpha2 'hydrogen in coke-oven 
pitches sas ce-rer l e s s  than 795 OS' the ncn-armatic Qidrogen, Thus, 3niy 2I.s of the 
non-amiratic and XI&- &.2$ cf The t o t a l  'hydmgen ta i led  t o  s b o ~  a close proximity t o  
an m m a t i c  ~ i n g .  

Zeports m o-her pifches2,s~8 'nave & o m  an additional band due t o  
Lm-tenper%tme- 

In adt i t ion t o  tke  above c -a ide ra t iom,  which are based on tau values, there 
nas the s a s i o i l i t y  s f  -&e ncn-aroroatic pmtcrs  of the  coke-oven pitches t o  the 
anomalous aroaatic rcedLum shifts. 
held close t o  aroxmtic r-s, s k c e  p rz f f in s  71-0 insansi t ive to '&ese effects.  

This is  a fur ther  indication tha t  these protans are 

Individual Components 

7iit!!mt f r a c t i o n a t i q  +&e pitches, it vas Fssible in  four cases t o  identifjj 
acenaghthene, and in ?wo, iluorene, as components .-f +he pitch. mere is a p s s i b i l i t y  
t ha t  yet other  of i i e  =ore aoudant  coqonents c a d  +&us be identified,  since a 
nlm'cer o? shar, -hdiv5dual geaks appeued in each spect-run. 
cord im the c=nclusicns 2s ts ident i ty .  
?e&s in question dth those of the added authP,?tic csxrpouod a t  one concentratim. 
The second tactor  ::as repet i t ior ,  of the same resu l t s  a t  anothar coocentration or' the 
pitch ~h the  solvent. 'Thus, t-?e aromatic aedium effect 'mas Shonn t o  be TL-E same for 
the axben t i c  cs~~ound ma Lhs pitcl? ccnponent. 

'm0 factors combined to 
Ibe r"irst factor  vas the ident i ty  of the 

Structural  Parmeters 

A 3mm-Ladner t m e  of analss is  of &&e and elenentam andLrtical data. 
tcgetker with aoleculax weight data,  bemi t ted  zhe follomkg ccnc~s iors - regard ing  ' \ t _-. molecular s t x c t u r e  (see Table II): I 

Carbon Arzmaticitp ( f a )  

Tne coke-oven-pitch carbcn disulfide-soluble fractions bere estimated t o  \ 

zontain snly 2.5 t o  5.7$ mn-aromatic carbon atoms ( f a  = 0.975 t o  0.943). 
cetveen coke-oven pitch 2 and I c m - t u l 3 e r a t u r e - c ~ j o ~ ~ z a t l o n  -,itch 7 is available --ugh 
t he i r  r e s in  fractians,  xhich js: calculation contahed 1 and 33% non-arcnatic carSon 
( f a  = 0.987, 0.67) , respectively.  

A contrast 

\ 

Only from 6 t o  12 of e v e n  LOO available s i t e s  for  subst i tut ion murid the \ 

\ 
averzge nucleus i e r e  occupied by subst i tuents  in these coke-oven-pit& fraCtiOXX3 
(u = 0.063 t o  0.U6). 
molecular seight f ract ion of pitci.1 2. 

The v a h e  was 2 per 100 lover (u = O.@@) in the larger  
Such trends t o  less subst i tut ian in larger 
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molecules of pitch have been reported by other workers using other r n e t h o d ~ , ~ ~ r ~ ~  
Again, comparison with pitch 7 serves t o  emphasize the high arcmaticity of the coke- 
oven pitches. 
banded t o  substi tuents in pitch 7 resin fraction. 

S i x t y  f ive per cent (u = 0.65) of the edge aramatic carbons were 

. 
I 

,' 

f 

i 
I 

C h  o f  the Ammatic Nucleus (Car/Raru) 

The atomic C/b r a t io s  of the average hypothetical unsubstituted aromatic 
nucleus ( C a r / H a r u  values) of the coke-oven pitches were, f o r  carbon disulfide-soluble 
fractions,  1.5 to  1.7, and for  the res in  f ract ion of pi tch 2,  1.83 (Table 11). The 
interpretat ion of these numbers depends upon the molecular weight of the materials. 
With the molecular weights, the degree of condensation of the average aromatic 
nucleus was shown t o  be nearly l inear  (of the benzene-naphthalene-phenanthrene series:  
each ring fusion involves only tm carbon atoms). 

The average mlecular  weight of the carbon disulfide-soluble f ract ion was 
about 403. As a resul t ,  an average aromatic nucleus of 7 to  8 rings w i t h  one sub- 
s t i tuent  w a s  indicated. The res in  f ract ion of pitch 2 with molecular weight 660 would 
indicate an average aromatic nucleus with near 13 rings and about 1.3 substituents. 

To i l l u s t r a t e  this, fo r  the fractions of pitch 2, a type molecule was chosen 
a s  a possible structure fo r  +>*e average molecule, as shown in  Table III. 
tha t  the higher molecular weight fractions of coke-oven pitch, such as the C - 1  sooty 
material, do not approach graphite i n  s t ructure  but may b e  mostly L inea r4  condensed 
aromt ic  ring systems. 

This suggests 

PLR Solvent 

Carbon disulf ide proved t o  be a good solvent f o r  PMR examinatian of coke-ovea 
The soluble f ract ion represented a large proportion--60 t o  8@-of the t o t a l  
Solutions of concentrations up t o  60% were readi ly  available in this ncn- 

pitches. 
material. 
protonic solvent, permitting accurate quantitative work, and the in f in i t e  di lut ion 
values were very nearly t rue  tau values. 

summary 
Proton magnetic resonaoce spectrometry proved a useful method for  t he  charac- 

m e  estimation of aromatic and three t -pes  of a l iphat ic  te r iza t ion  of coke-oven pitch. 
hydrogen by this means made possible t i e  formulation of a s t ructure  fo r  the typical  
molecuie in the carbon disulfide-soluble fraction. This w a s  a linearl~ condosed 
arccat ic  nucleus w i t h  2 t o  65 of the carbon atoms occurriOg as  substi tuents which 
were predominantly methyl groups. 
was equivalent t o  7 or 8 fused aromatic rings. 
identified h several  of the pitches. 
be Gf value i n ' a  search f o r  correlations between the  Chemical and physical properties 
of a coke-oven pitch and its efficacy in a par t icular  industrial. end-use. 

The zverage molecular weight was near 400, which 

It is hoped tha t  these methods w i l l  prove t o  
Fluorene and acenaphthene were 
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Table I 

,‘ 

Pitch 
Des ianat iona) 

1 
2 
3 
4 
5 
6 
A 
C 
7 

A n a l y t i c a l  Data, Sources, and Methods of Preparing 
ibqerimentd Pitches 

Benzene Quinoline 
Softening Insoluble, Lnsoluble, 

Point, O C ,  c.I.A.~) ,I%. ap W t .  fa 

89.0 
90.2 
93.5 
94. 9 
90.6 
88.2 

102.3 
95.0 
59.5 

33.2 1.3.1 
32.6 12.8 
29.7 10.58 , 
28.0 9.13 
17.5 6.87 
13.0 2.44 
25.5 12.4 
25.0 4.2 
e -- 

A t o m i c  
C h i  Ratio 

1.80. 
1.93 
1.87 
1.76 
1.78 
1.61 
1.84 
1.73 
0.95 

a) 
1. 
9.1% of s ta r t iq  pitch. 
tar. 3. Laboratory d i s t i l l a t i o n  of 36.2 rd. $ from a production tzr. 4. Xend 
of 88.55 wt.  $ l O 5 O  C p i tch (produced by d i s t i l l a t i o n  of l i g h t  tar a t  50 m. t o  
3COo C )  with Ll.45$ of coal-tar d i s t i l l a t e  o i l  (boil ing 230° t o  270° C ) .  5. A 
production pitch a f t e r  removal of n-heptane solubles. 6. Laboratory d i s t i l l a t i o n  
of a 69O C pitch from l i g h t  tar. Produced by p l a n t  d i s t i l l a t i o n  of production 
tar .  Produced by adding quinoline t o  &&e parent t a r  of A, centrifuging +his 
mixture to  remove insolubles, and then d i s t i l l i n g .  
blowing a t  120° C a tar from low-temperature ca.r’conization of a sub-bituminous B 
coal. 

Tcermal treatment of a 74O C pitch at 380° C for 24 houzs and back-blending Kit;? 
Laboratory d i s t i l l a t i o n  of sof t  pitch fro3 a production 2. 

A .  
C. 

7. A 60° C pitch produced by 

b, C u b e - i n - a i r  method. 
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I Table I11 

I 

i 

Correlation of Structural  Parameters i n  Pitch Fractions 
wiLi Possible Type hblecules 

PITCH #2 FRACTION 
or 

m KxmJT.z 

CS2Soluble Fraction 1.66 386 0.975 0.066 1.71 

1.61 364 0.965 0.062 1.75 
r .  

(C2d154CH3) 

Resin Fraction 1.80 660 0.987 O.O@ 1.83 

J 

} - C &  1.77 666 0.981 . 0.036 1.86 
/ 

1 
( C 5 2 3 2 d b )  

1 
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I I 
Frequency, cps from TMS 315 I ao I IO 

I 

Figure 1. PKi Spectrum a d  Integrals: ? i tch 6, Carbon Disu l f ide  Solubles 

Figure 2. Z x t r a p o l a t i a  of 3.F. F r e q u w i s  to 'Lnfinite Dilution 
Wit;? IntsrnaL Stmdrd: ?itti; 1 - C&. Zxtract 
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PITCH *7. CSz-SOLU8LES 

i 

, -. r i g w e  3. Congarism c:' ?!.E Spectra: Coie-Oven Pitch (No. I) and 
5 3 V - - ; ~ ~ P r a ~ ~ e - C ~ . j o n i z a t i o n  ? i tch  (No. 7) ; 
cs2 Sdub les ,  6% ;Y/V in CS2 


